PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
H01Q 9/42, 9/04 



Al 



(11) International Publication Number: WO 96/27219 

(43) International Publication Date: 6 September 1996 (06.09.96) 



(21) International Application Number: PCT/GB96700285 

(22) International Filing Date: 12 February 1996 (12.02.96) 



(30) Priority Data: 

08/396,391 



27 February 1995 (27.02.95) US 



(71) Applicant: THE CHINESE UNIVERSITY OF HONG KONG 

(GB/GBJ; Shaun, New Territories (HK). 

(72) Inventors: LAI, Kin, Yue. Albert; Flat 2002, Block A, 20/F 

Kornhill, 31 Hong Shing Street, Hong Kong (HK). LEE. 
Shu, Chuen; Flat 6G, Block 7. Saddle Ridge Garden, Ma 
On Shan. New Territories, Hong Kong (HK). 

(74) Agents: ARM1TAGE Ian. M. et al.; Mewburn Ellis, York 
House, 23 Kingsway, London WC2B 6HP (GB). 



(81) Designated States: CA, JP, European patent (AT, BE, CH. DE, 
DK. ES. FR, GB, GR. IE. IT, LU, MC. NL, PT, SE). 



Published 

With international search report. 
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(57) Abstract 

A planar meandering 
inverted-F antenna is 
provided, which is in one 
embodiment a broadband 
omnidirectional radiator and 
in another embodiment a 
narrow band omnidirectional 
radiator. The meandering 
invened-F is a planar 
radiating structure having 
alternating cutouts along a 
longitudinal dimension of 
a planar radiating element 
or patch which is parallel 
to a nearly coextensive 
ground plane. In all cases 
the antenna structure as a 
whole has the advantage of 
an efficient omnidirectional 
radiation pattern from 

maSTditn^si* trftess'than 1/5 of the wavelength of the operating frequency and preferably as small as |^ <"»™^ * 
the operating frequency. Factors which impact frequency and bandwidth include: meandering patch length, veracd element (also called 
•wo heieht and width, and peimittiviry of the dielectric spacer between the meandering patch and the ground plane The structure is 
easily manufactured due to its simple design and absence of requirements of exotic materials or multidimensional shaping processes. 
Three embodiments are discussed: an air-dielectric version for broadband and low cost applications, a thick sohd-d.electnc vera.on havmg 
broadband applications, and a thin solid-dielectric version having narrow band applications. 
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MEANDERING INVERTED-F ANTENNA 

5 BACKGROUND OF THE INVENTION 

This invention relates to antennas, and more particularly 
to a new type of antenna suitable for UHF and microwave 
applications . 

With the recent advances of mobile communications, there 
10 has been tremendous interest in development of small and low 
profile antennas for the further miniaturization of mobile 
telephone sets. Goals include small size, low profile, low 
cost and ease of manufacturing. The frequencies of interest 
include 900 MHz band antennas for applications in cellular 
15 handheld phones such as for GSM (890, 935 MHz), indoor 

cordless telephones such as the European CTl+(886, 931 MHz) 
and 1.9 GHz band antennas for applications in the 1.89 GHz 
Digital European Cordless Telecommunications (DECT) , and the 
1.8 GHz European future Personal Communication Services, 
20 namely the DCS1800 systems. These systems have their own 
requirements in antenna characteristics, such as resonant 
frequency , bandwidth , 

A review of prior art found a variety of directional 
antennas based on three-dimensional designs, such as helical 

25 antennas. 

Existing antennas used in mobile phones include the most 
common whip antennas (monopole) , microstrip patch antennas and 
planar inverted-F antennas. A mobile telephone with a half 
wavelength or quarter wavelength whip antenna (monopole) is 

30 long known as a hindrance to user. The whip is easily broken 
and is always a hazard as it can poke the eyes of the user. 

Microstrip patch antennas, as disclosed in J.Q. Howell, 
"Microstrip Antennas," tfee Trans. Antenna and Propagation , 
Vol. AP-23, January 1975, pp. 90-93, and planar inverted-F 

3 5 antennas, as disclosed in J.R. James, K. Fujitomo, A. 

Henderson, and K. Hirasawa, small Antennas. Research Studies 
Press, 1987, pp. 116-151, are typical low-profile antennas. 
Although the microstrip patch antenna has the shortcoming of 
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narrow bandwidth and low efficiency, its advantages of 
low-profile, small size and light weight are attractive 
properties. The planar inverted-F antenna has already been 
used in mobile telephone handsets and is one of the most 
promising designs, as suggested by K. Qassim, "Inverted-F 
Antenna for Portable »»nH«Ar.s" . tee Colloaium on Microwave 
Alters and Antenna s for Personal Communication Systems ", pp. 
3/1 - 3/6, Feb. 1994, London, UK. However, both microstrip 
patch and planar inverted-F antennas are still too large to 
fit into the newer generation of miniature mobile phone 
handsets. This is particularly problematic when modern mobile 
phone design calls for multiple antennas to be placed into one 
handset to taXe advantage of antenna diversity. 

There are other antenna designs which are constructed 
with reference to a parallel ground plane. The concept of the 
inverted L Antenna (ILA) is simply a transmission line antenna 
with the center conductor bent upon its departure from the 
ground plane. Later variations include the inverted-F antenna 
(I FA) , and the planar ihverted-F Antenna (PIFA) , wherein a 
feedpoint is provided at an offset from a ground point of the 
radiating element. Planar high impedance /choke lines are 
circuit board components used in RF circuits bias supplies. 
The lines form planar inductors with line widths which are 
relatively small in comparison to the wavelength of applied 
signals, since it is an RF choke. As such, the elements are 
specifically designed to suppress radiation. Parameters of the 
antenna that directly affect its operation are height, length, 
width and dielectric characteristics. 

What is needed is an efficient and compact low-profile 
omnidirectional antenna suitable for portable applications. 

SUMMARY OF THE INVENTION 
According to the invention, a planar meandering inverted- 
F antenna is provided, which is in one embodiment a broadband 
omnidirectional radiator and in another embodiment a narrow 
band omnidirectional radiator. The meandering inverted-F is a 
planar radiating structure having alternating cutouts along a 
longitudinal dimension of a planar radiating element or patch 
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which is parallel to a nearly coextensive ground plane. In all 
cases the antenna structure as a whole has the advantage of an 
efficient omnidirectional radiation pattern from a structure 
which has a maximum dimension of less than 1/5 of the 
5 wavelength of the operating frequency and preferably as small 
as 1/10 of the wavelength of the operating frequency. Factors 
which impact frequency and bandwidth include: meandering patch 
length, vertical element (also called w post") height and 
width, and permittivity of the dielectric spacer between the 

10 meandering patch and the ground plane. The structure is easily 
manufactured due to its simple design and absence of 
requirements of exotic materials or multidimensional shaping 
processes. Three embodiments are discussed: an air-dielectric 
version, a thick solid-dielectric version having broadband 

15 applications, and a thin solid-dielectric version having 
narrow band applications. 

The invention will be better understood upon reference to 
the following detailed description in connection with the 
accompanying drawings. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a perspective diagrammatic representation of 
a meandering inverted-F antenna according to the invention. 
Figure 2A and Figure 2B are respective perspective and 
25 top views of a dielectric loaded meandering inverted F antenna 
according to the invention. 

Figure 3 A and Figure 3B are respective perspective and 
top views of two different air loaded meandering inverted F 
antenna according to the invention. 
30 Figure 4A, Figure 4B and Figure 4C are respective top, 

bottom and end views of a microstrip dielectric loaded 
meandering inverted F antenna according to the invention. 

Figure 5A and Figure 5B are the input impedance and VSWR 
diagrams of the dielectric loaded MIF antenna. 
35 Figure 6A and Figure 6B are the input impedance and VSWR 

diagrams of a 1.9 GHz air loaded MIF antenna. 

Figure 7A and Figure 7B are the input impedance and VSWR 
diagrams of a microstrip MIF antenna. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 
Referring to Figure l, there is shown a perspective 
diagrammatic representation of a meandering inverted-F antenna 
10 according to the invention. The antenna 10 has the 
following components and features: a ground plane element 12, 
a planar radiating element or meandering patch 14 as 
hereinafter explained, the patch 14 being substantially 
coextensive with the ground plane element 12 and disposed 
juxtaposed to and parallel with the ground plane element 12. 
The patch 14 is the primary radiating element. It has a first 
edge 16 and a second edge 18, with the second edge 18 opposing 
the first edge 16. The distance between the first edge 16 and 
the second edge 18 is a fraction of the wavelength at the 
center or operating frequency of the antenna 10. The length 
may be greater or less than the width, but in the preferred 
embodiment it has been found that a structure where the ratio 
of length to width is about 2:1 to 3:1 is satisfactory. 

The antenna 10 further includes a hot feed element 
20 coupled to a feed point 22 somewhere on the patch 14, 
depending upon the desired input impedance, and a ground post 
element 24 coupling the patch 14 to the ground plane element 
12 adjacent the first edge 16. The hot feed element 20 is for 
example from a wire conductor 28 of a coaxial feed through a 
hole 26 in the ground plane element 12. The antenna 10 is 
further characterized by a dielectric planar element 30 
separating the ground plane element 12 and the patch 14. 

According to the invention, the patch 14 defines a 
planar meandering electrically conductive pattern for 
radiating r.f. energy formed by alternating lateral cutouts 
32-36 between the first edge 16 and the second edge 18. 

The antenna is preferably fed with a microstrip flange 
launcher 38, which is a coaxial cable connector, with its 
center element connected to the conductor 28. For the 
dielectric loaded embodiment, for example, the center pin of 
the launcher 38, is soldered to a metallic strip which is then 
attached to the meandering patch. In a thinner microstrip 
version (Fig. 4A, B, C) , the center pin of the launcher 38 is 
directly soldered to the microstrip patch 14. Feed matching is 
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not a problem, so designs can achieve a VSWR below 1.02 
without much difficulty. 

Several specific designs for the patch 14 in different 
embodiments are shown in Figures 2A, 2B, 3A, 3B and 4A, 4B. 
Dimensions for a 900 MHz operating freguency are shown in Fig. 
2B and Fig. 4B for two different configurations. The first is 
54 mm long and 15 mm wide, which is roughly 1/5 wavelength by 
about 1/20 wavelength. Referring to Fig. 2, a typical feed 
point 22 is along the edge of the first cutout 32, such as at 
the base of the cutout 32. The patch 14 is preferable a 
rectangular structure, although it could be a circle or a 
polygon. A square or rectangular structure is believed to be 
most efficient, where the cutouts 32-36 are also rectangular. 
The cutouts alternate laterally and typically terminate along 
15 or near a common longitudinal axis 42 or slightly beyond the 

common longitudinal axis 42. More specifically the cutouts 32- 
36 extend into the planar radiating element 14 substantially 
to at least the common longitudinal axis 42 sufficient to 
force surface current in the planar radiating element 14 to 
20 flow in a meandering path between the first edge 16 and the 
second edge 18. The axis 42 need not be straight; it can 
follow a slight curve in the surface of the patch, so long as 
current is forced to flow through a zig-zag path. 

The dimensions of the patch 14 and the cutouts 32-36 are 
25 somewhat arbitrary, but the cutouts are typically numbered 

between three and seven with a lateral extent of between 3/10 
and 7/10 of the lateral dimension of the patch 14, and the 
length of the patch 14 is between 1/5 and 1/10 wavelength of 
the antenna's design freguency. The cutouts 32-36 each have a 
30 typical longitudinal extent of between 1/7 and 1/15 of the 

longitudinal dimension (length) of the patch 14, all subject 
to the above limitation regarding induced meandering surface 
current . 

Referring to Fig. 2A, the patch 14 and the ground plane 
35 12 are spaced apart by dielectric planar element 30, which is 
a solid having a relative permittivity of greater than 2 and 
less than 35, such as a reinforced polymer. A typical relative 
permittivity is 2.3 for a separation of 10 mm or about 1/30 
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wavelength. Such a design with less than 1/15 wavelength 
separation between its ground plane 12 and its patch 14 at its 
design frequency produces a relatively broadband or low Q 
antenna, i.e., one that has a Q of less than 30. In this case 
the ground post element 24 may also have a lateral dimensian 
of between 1/5 and 1/1 of the lateral dimension of the patch 
14. 

Referring to Fig. 4C, there is shown a patch 14 on a 
ground plane 12 with a dielectric 30 therebetween. The 
separation (H) is typically in the range of up to 0.8 mm for a 
900 MHz antenna or only about 1/400 of a wavelength. The 
design produces an antenna sufficiently thin to suppress a 
surface wave formed between the patch 14 and the ground plane 
12 with a Q of well over 50, i.e. about 100. The thin 
dielectrically-loaded or microstrip antenna of Fig. 4A-4C is 
relatively smaller than a thick dielectrically-loaded antenna 
of Fig. 2A-2B at the same operating frequency. For example, 
the longitudinal dimension is only about 32 mm or about 1/10 
wavelength. The particular embodiments shown have similar 
cutout sizes, although the microstrip version (Fig. 4A) has 
six cutouts at closer spacing than the thick dielectrically- 
loaded version (Fig. 2B) . The ground post element 24 may also 
have a lateral dimension of between 1/5 and 1/1 of the lateral 
dimension of the patch 14. 

Referring to Fig. 3A-3B, there are shown designs for 
air-loaded antennas 10 according to the invention. Its typical 
application is for high frequencies and low manufacturing 
cost. Shown in Fig. 3B is the structure for a 1.9 GHz antenna 
with a longitudinal dimension of about 1/5 wavelength or 35 
mm. The cutout size is about 5 mm longitudinal by 8 mm 
lateral, and there are only three cutouts. The Q is about 20, 
which is very broadband for that frequency. This antenna has 
potential application for the U.S. Personal Communication 
Systems band at 1.9 GHz . 

Performance of the antennas built according to the 
invention is noteworthy in that the radiation pattern is 
substantially omnidirectional, with very few and very narrow 
nulls. 
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impedance matching is straightf orward. Figures 5A and 5B 
show the matching and input VSWR of the dielectric loaded 
version (Fig. 2A-2B) . The operating frequency of this example 
is at 855 MHz. The 2:1 VSWR bandwidth is 70.8 MHz, and the 
VSWR at 855 MHZ is 1.005. 

Figures 7A and 7B show the characteristics for a 
microstrip patch version matched at the same frequency for 
comparison. Note that the 2:1 VSWR bandwidth is a lot narrower 
in this case, a value of only 7.5 MHz. The VSWR is 1.02, which 
can be further improved with some adjustment. 

Figures 6A and 6B show the matching characteristics and 
input VSWR of the air loaded version. The operating frequency 
of this example is at 1.9 GHz. The 2:1 VSWR bandwidth is 90 
MHz, and the VSWR at 1.9 GHz is 1.029. 

The invention has now been explained with reference to 
specific embodiments. Other embodiments will be apparent to 
those of ordinary skill in the art upon reference to the 
following detailed description. It is therefore not intended 
that this invention be limited, except as indicated by the 
appended claims. 
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tfiffrT TS CIATMED IS; 

1 l. A meandering inverted-F antenna comprisi : 

2 a ground plane element; 
a planar radiating element substantially coe> ;nsive 

with said: ground plane element disposed juxtaposed to id 
parallel with said ground plane element and having a .rst 
edge and a second edge, said second edge opposing said first 

7 edge; 

8 a hot feed element coupled to a feed point of said 

9 planar radiating element; 
a ground post element coupling said planar radiating 

element to said ground plane element along said first edge; 

12 and 

13 a dielectric planar element separating said ground 

14 plane element and said planar radiating element; 
said planar radiating element defining a planar 

meandering electrically conductive pattern for radiating r.f. 
or microwave energy, said pattern having alternating lateral 
cutouts between said first edge and said second edge, said 
lateral cutouts extending into said planar radiating element 
substantially to at least a common longitudinal axis 
sufficient- to force surface current in said planar radiating 
element to flow in a meandering path between said first edge 
23 and said second edge. 
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11 
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2. The antenna according to claim 1 wherein said 
feed point is at a boundary of a first one of said lateral 



l 

2 

3 cutouts . 



3. The antenna according to claim 1 wherein said 
planar radiating element is rectangular and wherein said 



3 cutouts are rectangular. 



4 . The antenna according to claim 3 wherein said 
cutouts have a lateral extent of between 3/10 and 7/10 of the 
lateral dimension of said planar radiating element. 
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1 5. The antenna according to claim 4 wherein said 

2 planar radiating element is between 1/5 and 1/10 wavelength of 

3 its design frequency and wherein said cutouts have a 

4 longitudinal extent of between 1/7 and 1/15 of the 

5 longitudinal dimension of said planar radiating element. 

1 6. The antenna according to claim 5 having between 

2 three cutouts and seven cutouts. 

1 7. The antenna according to claim 3 wherein said 

2 dielectric planar element is air. 

1 8. The antenna according to claim 3 wherein said 

2 dielectric planar element is a solid having a relative 

3 permittivity of greater than 2 and less than 35. 

1 9. The antenna according to claim 8 wherein said 

2 dielectric planar element is sufficiently thin such that the 

3 antenna has a high Q. 

1 10. The antenna according to claim 3 wherein 

2 separation between said planar radiating element and said 

3 ground plane element is greater than 1/150 wavelength at its 

4 design frequency, such that the antenna has a low Q. 

1 11. The antenna according to claim 1 wherein said 

2 ground post element has a lateral dimension of between 1/5 and 

3 1/1 of the lateral dimension of said planar radiating element. 
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Fig. 2B 
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Fig. 3B 
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Fig. 4A 




Fig. 4B 
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Fig. 7B 
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